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METHOD FOR LIGATING NUCLEIC ACIDS AND MOLEOJLAR CLONING 

Tirhnical Field 

The invention relates to methods of covalently joining nucleic acid molecules and 
5 methods of molecular cloning of nucleic acid molecules. 

^nrlTgrftTinfl ftf tt*^ Tnvendon 

Construction of recombinant nucleic acid molecules requires two enzymatic steps. First, 
site-specific restriction endonuclease digestion or PGR amplification are used to generate linear 
nucleic acid molecules with defined termini. Second, the linear molecules are covalently joined 
10 at their termini in the presence of a Ugase enzyme. Methods of covalently joining and cloning 
nucleic acid molecules that require only one step or that eliminate the use of restriction 
endonucleases or ligases would be advantageous over the traditional method of constracting 
recombinant nucleic acid molecules. 

fiiiniiinarv of the Invention 

15 It is an object of the invention to provide mefliods of covalently joinh« nucldc acid 

molecttles. It is a fiirther object of the invention to provide methods of cloning nucldc acid 
molecules. This and othor objects of flie invention are provided by one or more of flie 
eiiibodimaits described below. 

One embodunent of the invention provides a method of covalently joining a nucleic acid 
20 msert molecule to first and second nucleic acid flanking molecules to form a ligated molecule. 
The method comprises incubating the insert molecule and the flanking molecules undo: 
conditions which permit their covalent joining to form a Ugated molecule wherein an insert 
molecule is positioned between the first and the second flanking molecule. Each end of the 
insert molecule comprises a 5'-hydroxyl group. One end only of each of the first and second 
25 flanking molecules conq)rises a covalenfly bound topoisomerase polypeptide. 

Another embodiment of the invention provides a method of covalently joining a nucleic 
acid insrat molecule to first and second nucleic acid flanking molecules to form a Ugated 
molecule. The method comprises incubating an insert molecule, wherein one aid of the insert 
molecule comprises a 5*-hydroxyl group and the other end comprises a 5'-phosphate group, with 
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the first flanking molecule, wherein one end only of the first flanking molecule comprises a 
covalently bound topoisomerase polypeptide. The incubation is done under conditions which 
permit their covalentjoining to form a ligated nucleic acid wherein the insert molecule is " 

positioned adjacent to the first flanking molecule. This Hgated nucleic acid is incubated with 
5 phosphatase under conditions which pennitremoval of a 5'-phosphate group fi:om the ligated 
nucleicacid. The ligated nucleic acid is incubated with the second flaridng molecule. Oneend 
only of the second flanking molecule con?)rises a covalently bound topoisomerase polypeptide. 
The incubation is done under conditions which peimit covalentjoining to form a ligated 
molecule where the insert molecule is positioned between the first and the second flanking 
10 molecule. 

In still another embodiment of the invention a method of covalently joining a nucleic acid 
insert molecule to first and second nucleic acid flanking molecules to form a ligated molecule is 
provided. The method comprises incubating an insert molecule and flanking molecules under 
conditions which pennit their covalentjoining to form a ligated molecule wherein an insert 
15 molecule is positioned between the first and the second flanking molecule. One end of the insert 
molecule comprises a 5'-hydroxyl group and the other end comprises a 5'-phosphate group. One 
end only of the fiist flanking molecule comprises a covalentiy bound topoisomerase polypeptide 
and one end of the second flanking molecule comprises a ligase substrate site. 

Any of the first and second nucleic acid flanking molecules can together comprise a pair 
20 of left and right vector arms. Further, the ends of the vector arms not covalentiy joined to the 
insert canbe covalently or non-covalently joined to each other by a method selected from the 
group consisting of nucleic acid Ugase mediated ligation, complementary sequence annealing, 
topoisomerase mediated ligation, in vitro site-specific recombination, in vivo site-specific 
recombination, and in vivo homologous recombination. 

25 In still another embodiment of the invention a method of molecular cloning is provided. 

Tlie method comprises incubating a nucleic add insert molecule comprising a 5'-hydroxyl group 
at one end and a 5' -phosphate at the other end, and a linear clonmg vector. The linear cloning 
vector comprises a covalently bound topoisomerase polypeptide at one end only and a Hgation 
substrate site at the other end. The incubation is done under conditions sufficient for their 

30 covalentjoiningtoformaUgatedcircularvector. Tlie ligated circular vector is transformed into 

a host cell 

Another embodiment of the invention provides a method for molecular cloning. The 
method comprises incubating a nucleic acid insert molecule where each end of the insert 
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molecule comprises a S'-hydroxyl group with a first and a second linear ann where one end only 

of each of the first and second linear arms comprises a covalently boimd topoisomerase and the 
other end comprises a cloning substrate site. He incubation is done under conditions sufficient 
for their covalent joining to form a ligated insert molecule where the insert molecule is 
5 positioned between the first and the second linear arm. The ligated insert molecule is 

trimsformed into a host cell. 

Even another embodiment of the invention provides a method for molecular cloning. A 
nucleic acid insert molecule, wherein one end of the insert molecule comprises a 5'-hydroxyl 
group attd the other end comprises a 5'-phosphate group, and a first linear arm, wherein one end 

10 only of the first linear arm comprises a covalently bound topoisomerase polypeptide and the 

other end comprises a cloning substrate site are incubated together. The incubation is done under 
conditions which permit their covalent joining to form a ligated nucleic acid wherein the insert 
molecule is positioned adjacent to the first linear arm. The ligated nucleic acid is incubated with 
phosphatase under conditions which permit removal of a 5'-phosphate group from the limited 

15 nucleicacid. Tl»e ligated nucleic acid is incubated with a second linear vector ami. wherein one 
end only of the second linear vector arm comprises a covalently bound topoisomerase 
polypeptide and the other end comprises a cloning substrate site. THe incubation is done under 
conditions which permit covalent joining to fomialigated insert molecule wherein the insert 

molecule is positioned between the first and the second linear vector arm. The ligated insert 
20 moleculeistransformedintoahostcell. In yet another embodiment of the invention a 

methodformolecularcloningisjm)videdcomprisingincubatinganucleicaddinsertmolecd^^ 
wherein one end of the insert molecule comprisesaS'-hydroxyl group and the oflier end 
comprisesaS'-phosphategroupjafirst linear arm, wherein one end only of the first linear^ 
comprisesacovalently bound topoisomerasepolypeptide and &e other endcomprisesaclomng 
25 substratesite;andasecondlinearann.whereinoneendofthesecondlinearamicomprisesa 
Ugasesnbstratesiteandtheoflierendcomprisesacloningsubstratesite. TTie incubation is done 
mder conditions wWchpermit their covalent joining to formaUgatedmsert molecule wh^^^ 
theinsertmolecdeispositionedbetweenthefirstandlbesecondlinearann. The Ugated insert 

molecule is transformed into a host cell. 
30 The cloning substrate site can be selected from the group consisting of acos site, aUC 

site, and a loxP site. 

Where the cloning substrate site is loxP, Ihe method can fiirfher comprise incubating in 
van, the Ugated insert molecdewithaCrerecombinaseandacircularpla^^ 
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loxP Site. The incubation is done under conditions sufficient for site-specificiecombination to 
form a circular plasmid comprising the Ugated insert molecule. ITie circular plasmid comprising 
the Ugated insert molecule is transformed into a host cell. 

Where Ae cloning substrate site is loxP the method can finlher comprise transforming the 
5 Ugsited insert molecule into a host cell comprising a circular plasmid comprising a loxP site, 
wherein tbe ceH expresses Cre iwombinase. The transformation is done under conditions 
sufficient for site-specific recombination to form a circular plasmid comprising the ligated insert 
molecule within the cell. 

Where the cloning substrate site is a site for homologous recombination with a circular 
10 plasmid vector the transformation step further comprises transforming the Ugated insert molecule 
intoahostcellcompiismgacircularplasmidvector. The circular plasmid vector comprises a 
site for homologous recombination with tbe Ugated insert molecule, .and the host ceU is recA+. 
The transformation is done under conditions sufficient for homologous recombination to form a 
circular plasmid comprising the Ugated insert molecule within the host cell. 

15 The first Unear arm can comprise a left lambda arm comprising at one end only a 

covalently bound topoisomerase. The second Unear arm can comprise a right lambda arm . 
conq)rising at one end only a covalently bound topoisomerase. 

As used herein, flie term "join" or "joming" refers to both covalent and noncovalent 
attachment of one nucleic acid to another, or one end of anucleic acid to another end of a nucleic 
20 acid. "Covalent" joining refers to the attachment of one end of a nucleic acid strand to another 
end of a nucldc acid strand via a phosphate bond or to attachment of one end of a double- 
stranded nucleic acid to another double-stranded end via phosphate bonding on one or both 
strands. «Non-covalait» joining refers to attachment of one end of a nucleic acid to another end 
. via annealing of a single-stranded regions to each other, that is. no phosphate bond is generated 
25 in diis embodiment 

Xigate" or "Ugated" refers to the covalent joining of two ends of one or more nucleic 
add molecules. 

"Complementary annealing" refers to anneaUng, or the pairing of bases, of 
complementary regions of one or more nucleic acids, and thus to the formation of hydrogen 
30 bonds and oth« non-covalent interactions between pairs of bases. 
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A«topoisomerase''isapolypeptide that is capable Of covalently joining to at least one 
strandof a nucleic acid molecule and ligating that strand to another strand, as described 
hereinbelow. Topoisomerase according to the invention coniprises type I topoisomerases. 

••Boundto" refers to a covalent bonding of a topoisomerase polypeptide to a nucleic acid 
3 molecule. 

"Nucleic acidmolecule" refers to a double-stnmded nucleic acid, unless otherwise 
specified. 

••One end only" refers to thepresence of a topoisomerase polypeptide at one end of a 
nucleic acid molecule, where the nucleic acidmolecule contains two ends. 

10 The term W is meant to designate a contiguous stretch of nucleotides, e.g., 1-100 

bases inlength,usually5-25basesinlength.e.g..8-16bases,1hatissusceptibleto(i.e..a . 
substrate for)modification by an enzyme that modifies nucldc acids. e.g..aligaseorarestriction 

enzyme. 

A "cloning substrate site", as used herein, is a site occurring on a nucleic acid molecule 
15 ' for the covalent or non-covalent joining of nucleic acid sequences or for recombination. 
Examples of cloning substrate sites include cos sites, LIC sites, sites for site-specific 
recombination, such as lambda attachment elements or lorf sites, sites for homologous 
recombination, and ligation substrate sites. 

A "ligation substrate site", as used herein, is a site occurring on a nucleic acid molecule 
20 of the invention thatis capable of becoming covalenfly joined to anotiier nucleic acidmolecule 
in file presence of a ligase enzyme, such as DNA U^. 

A "vector aim" or a "linear arm", as used herein, is a linear nucleic acid molecule, and is 
preferably a portion or fragment of a bacteriophage or plasmid genome. 

. •■Directional" doningieferslo acloningmethodin which, by selecting steps in the 
25 method.o«ecanobtamadesiredorientationofagivennucleicacidmoleculeupon 

another nucldc add molecule or between two other nucleic add molecules; as used herem^ 
••orientation" may refer to 5' to 3' with reference to a given open reading frame or a given 
control region or a known sequence. Thus, for example, an insert molecule may contain an open 
reading frame having a 5 * - 3' orientation with respect to transcription and tiie insert molecule 
30 maybedirectionanyclonedbetweenaleftandrightvectoraimssuchthattiieligated(cto^^^ 
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molecule comprises, from 5' to 3': left vector arm, 5' insert 3% right vector arm. "Non- 
directional" clorung refers to cloning methods which produce a ligated molecule in 

insert, for example, appears between the two anns in either orientation. 

Rrifef Descriptinn of the Prayings 

5 Figure 1 shows the non-directional covalent joining of an insert molecule with 5'-0H 

groups on each end to a right vector arm and a left vector arm each comprising a topoisomerase 
polypq>tide on one end only. 

Figure 2 shows the directional covalent joining of an insert molecule with a 5'-0H group 
on one eiidandaS^phosphategtoupmthe other end toaright vector arm andaleft vector am 

10 eachcoirq>risii^atopoisomarascpolypq)tideononeendonly. 

Figure 3 shows the directional covalent joining of an insert molecule with a 5'-0H group 
on one end and a 5 '-phosphate group on the other end to a left vector arm comprising a 
topoisomerasepolypeptideononeendonlyandarightvectoraimcomprismgaligation 

substrate site on one end. Figure 4 shows the directional cloning of an insert molecule with a 
15 5 '-OH group on one end and a 5'-phosphate group on the other end to a linear vector molecule. 
The linear vector molecule comprisesatopoisomerase molecule on one end only andaligation 

substrate ate on the oOxet end 

Figure 5 shows the non-directional cloning of an insert molecule with 5'-0H groups on 
each end toarightvector arm andaleft vector arm each comprisingatopoisomerase polypeptide 

20 on one end only and a cloning substrate site, cos, on the other end. 

Figure 6 shows the directional cloning of an insert molecule with a 5 '-0H group on one 
eMandaS'-phosphate group on the oflier end to vector molecdes comprisingatopoisomerase 

polypeptide on one end only and a cloning substrate site, cos, on the other end. 

Figure 7 shows the non-directional cloning of an insert molecule with 5'-0H groups on 
25 each end to a right vector arm and a left vector arm each comprising a topoisomerase polypeptide 
on one end only and a cloning substrate site, LIC, on the other end. 

Figure 8 shows liiedirectionalclonmgof an insert molecule with a 5'-0H group on one 
endandaS'-phosphategroupontheotherendtovectormoleculescomprisingatopoisomerase 

polypeptide on one end only and a cloning substrate site, LIC, on the other end. 
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Figure 9 shows the directional cloning of an insert molecule with a 5'-0H group on one 
end and a 5'-phosphate group on the other end to vector molecules comprising a topoisomerase 
polypeptide on one end only of a lambda vector aim. 

Figure 10 shows the non-directional cloning of an insert molecule with S'-OH ffoxxps on 
5 each end to a right plasmid arm and a left plasmid arm each comprising a topoisomerase 
polypeptide on one end only. 

Figure 11 showsthedirectionalcloningofaninsertmoleculewithaS'-OHgtouponone 
end andaS'-phosphate group on the oflier end to vector molecules comprisingatopoisomerase 

polypeptide on one end only. 

10 . Figure 12 shows the non-directional cloning of an insert molecule with 5'-0H groups on 
each end to a right vector arm and a left vector arm each comprising a topoisomerase polypeptide 
on one end only and a cloning substrate site, a loxP site, on the otiier end. 

Figure 13 shows the directional cloning of an insert molecule wifli a 5'-0H group on one 
end and a 5'-phosphate group on Ihe other aid to vector molecules comprising a topoisomerase 
15 polypeptide on one end only and a cloning substrate site, a loxP site, on the other end. 

Figure 14 shows the non-directional cloning of an insert molecule with 5'-0H groups on 
each end to a right vector arm and a left vector arm each comprising a topoisomerase polypeptide 
on one end only and a cloning substrate site, a site for homologous recombination, on the oflier 
end. 

20 Figure 15 shows the directional cloning of an insert molecule wifli a 5'-0H group on one 

end and a 5'-phosphate group on the other end to vector molecules comprising a topoisomerase 
polypeptide on one end odyandaclonbgsubstratesite.asite for homologous recombination. 

(mtiie other end. 

TktftiM Pp^riptitn Invention 
25 Insert Polvp nplpfttidp. Molecnlcs 

Insert polymicleotide molecules comprise isolated and purified double-stranded DNA, 
double^dedRNA. or double-strandedDNA/RNA hybrid nucleic acids. An insert molecule 

can be a fiiU-lenglh molecule or a ftagment of a foll-lengtii molecule. Further, an insert molecule 
can be naturaUy-occurring, i.e., found in nature or recombinant 
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Preferably, insert polynucleotides are isolated ftee of other components, such as proteins 
and Upids. Insert polynucleotides can be made by a cell and isolated or can he synthesized in the 
• laboratory.forexample,usinganautomaticsyn1hesizeroranamplificationmefliodsuchasPCR. 

Where an insert polynucleotide is prepared by PGR, the insert is generated using a pair of 
5 primers comprising a 3'-primer and a 5'-primer. Both the 3'-primer and the 5'-primer can 

comprise a 5'-hydroxyl group to produce an insert with S'-hydioxyl groups (5'-0H) on both 
ends. Alternatively,oneoftheprimerscancomprisea5'.hydroxylgroupandonecancompiise 

. a5'-phosphategrouptoproduceaninsertwitha5'-OHgroupononeendanda5'-phosphate 

(5>-P) group on the other end. Optionally.botbtheS^primer and theS'-primer can compri^ 

10 5'-phosphate group to produce an insert with S'-P groups onbolh ends, 
ffp lftwiles Flg "|ffiiff an Insert Molecule 

An insertpolynucleotidemoleculecanbe covalently joined to several types of molecules. 
suchasadouble-strandedDNA,adouble.strandedRNA.andadouble-strandedDNA/KNA 
hybrid molecde.Prefenibly.an insert polynucleotide molecde is covalently joh^ 

15 moleculeortovectormoleculessuchasalinearannofaplasmidorbacteriophage. Vectors 
suitable for Ugation of an insert molecde include bacteriophage, such as ba^^ 
inchiding, but not limited to lambda insertion vectors such as I^bda ZAP® 
Express® vector, Lambda ZAP®-CMV vector (Stratagene). lambda gtlO, and lambda gtl 1 . 
Lambda replacement vectors, for example Lambda nx®n vector. I^^^ 

20 and Lambda EMBL3 and Lambda EMBL4 (Stratagene) can also be used aS vectors. 

Both prokaryotic and eukaryotic linear plasmids can be used as vectors. See e.g., 
Meinhardt et al. (1997) Appl. Microbiol Biotechnol. 47-329-36; Fukuhara, (1995) FEMS 
Microbiol. Lett.l31:l-9; Himiebusch & Tilly, (1993) Mol Microbiol. 10:917-22. For example, 
IheplasmidprophageNlSof^. co/i is a suitable linear plasmid vector. SeeRybchinft 
25 Svarchevsky (1999) Mol. Microbiol. 33:895-903. 

Vector nucleic acid polynucleotides, such as bacteriophage and plasmids can be isolated 
and purified from cells carrying these elements according to methods well known in the art. See 
e.g. MOLECULAR CLONING: A LABORATORY MANUAL (Sambrook et al., eds.. Cold 
Spring Harbor Laboratory Press, Cold Spring Harbor, 1989) and Ausubel (CURRENT 
30 PROTOCOLS IN MOLECULAR BIOLOGY (Ausubel et al., eds., John Wiley & Sons. New 
York, 1987)). AdditionaUy, many bacteriophage and plasmid vectors are commerdaUy 
available. The bacteriophage or plasmid nucleic acid can be prepared, if necessary by cleavage 
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with an appropriate restriction enzyme such that the digested bacteriophage or plasmid nucleic 
acid is compatible with an insert molecule. 

Preferably, an insert molecule is covalently joined to right and left lambda linear vector 
arms such that the insert molecule is positioned between right and left lambda linear vector arms. 

5 In lambda insertton vectors, a left vector arm can comprise lambda nucleic acids occurring to the 
left Of the insertion site and a right vector arm can comprises lambda nucleic acids occurring to 
the right of the insertion. In lambda replacement vectors, a left lambda arm comprises lambda 
nucleic acid occurring to the left of the nucleic acids to be replaced by the insert nucleic acids 
and a right lambda arm comprises lambda nucleic acids occurring to the right of the nucleic acids 

10 to replaced by the insert nucleic acids. Lambda vectors can vary in nucleic acid sequence; 

however, the left arm can typically comprise the head and tail genes A-J, while the right arm can 
^icaUy comprise from/7R through a cosR. site of a lambda genome. 

Preferably, fl»e vector or flankii^ molecule to which flie insert is to be covalenfly joined 
is a linear molecule comprising a topoisomerase covalently Imked to only one end of the linear 
15 molecule. A double-stranded DNA, double-stranded RNA. or doiible-stranded DNA/RNA 
molecule with one topoisomerase molecule bound to one end of flie DNA or KNA molecule is a 
univalent molecule. DNA topoisomaases catalyze a conversion in the linking number of a 
double-stranded DNA molecule. The linking number is the number of times one DNA strand 
crosses over the second DNA strand in space. Type 1 topoisomerases act by making a transient 
20 breakinonestrandofanucleicacid. A type 1 topoisomerase first binds to a nucleic acid and 
nicks one strand of the nucleic acid. A stable complex is formed where the free 3'-phosphate 
end of the nicked strand is covalently bound to a tyrosine residue of the enzyme. The second 
strand is pulled through the gap in the first strand and die gap is then sealed by the enzyme. The 
gap can be sealed at the same bond originally nicked or the complex can combine with a 
25 heterologous nucleic acid, such as an insert molecule, that has a 5'-hydroxy end. Where the 
complex is combined with a heterologous nucleic acid, a recombinant molecule is formed. 

Type 1 topoisomerases include, but are not limited to E. coli topoisomerase I (Keck et aL, 
(1999) Nat Strut BioL 6:900), K coli topoisomerase HI (Mondragon et aL, (1999) Structure 
FokL Des. 7:1373), S. cerevisiae topoisomerase m (Kim al., (1992) J. Biol. Chem. 
30 267:17178),humantopoisomeraseinCHanaietaL,(1996)Proc.Natl. Acad. Sci. 93:3653). the 
type I topoisomerase from chloroplasts (MuHierjee et al. (1994) 269:3793; Fukata et aL (1991) J. 
Biochan (Tokyo) 109:127), thermophilic reverse gyrases (Nadal et al., (1994) J. BioL Chem. 
269:5255; Slesarev et al.. (1991) J. Biol. Chem. 266:12321; Bouthier de la Tour et al., (1991) J. 
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Bact 173-3921), thennophiUc D. amyhlyticus topoisomerase ffl (Slesarev et al.. (1991) J. Biol. 
Chem 266:12321), and vaccinia DNA topoisomerase I (Shuman et al.. (1987) Proc. Natl. Acad 
Sci. 84:7478). Site-specific type I DNA topoisomerases are particularly useM in the invention. 
Site-specific typelDNAtopoisomerases include vaccinia topoisomerase and pox virus 

5 topoisomexases. 

A topoisomerase enzyme can be covalently linked to a vector or flanking molecule by, 
for example. 1iiemelhodofHeymanet8l.(C3enomeRes. (1999) 9:383). Briefly, Kacdma DNA 
topoisomerase cleaves flie pho^hodiester backbone of one strand of a nucleic acid at a 
consensuspentopyrimidineelement:5'-CyrCCrr-3' (SEQ1DN0:1). -ms element can be 
10 addedontotbeendofavectororflankingmolecule. Vaccinia topoisomerase can then be 
incubated wth the vefctor or flanking molecule such that the topoisomerase be^^^ 
boundto theunderlinedT inthe C^CCH sequence. Optionally, nuclease treatment, such as 
exonuclease ffl treatment can be used to remove single strand ends from the element such that a 
blunt-«ided insert fragment with topoisomerase bound to the molecule is formed. 

15 optionally.themoleculetowhichtheinsertistobecovalentlyjoinedisalmearmole^^^ 
comprisingaBgation substrate site Bta&st end of thelinear molecule. AUgationsub^ 
coiT?>risesa8iteforinicleicacidUgationflu«tismediatedbyaUga8e enzyme. Aligation 
• substrateatecancompriseaiqrdouble^trandednucldoacidthathasblmitendsorprotm^^^ 
termfari that canbe covalently joined to anothernucleicacidmolecule in the presence ofaU^ 
20 enzyme. Preferably, the ligation substrate site comprises a 5'-phosphate group and is 

complementarytooneendofaninsertmolecule. A ligation substrate site can be produced by, 
for example cleavingadouble-stranded nucleic acidmoleculewitharestrictione^^ 
produces bhmt-endfid termini, S'-protrading ends. or3^protruding ends 
nucleic acidmolecule. Aligation between a linear molecule comprising a Ugation substrate site 
25 and an insert molecule takes place in the presence of a Ugase enzyme such as bacteriophage T4 
DNA Ugase or PJu DNA ligase (Stratagene). Preferably, the vector or flanking molecule 
to which the insert is to be covalently joined is a linear molecule comprising a topoisomerase 
covalently linked to only one end of the molecule or a ligation substrate site at one end of the 
linear molecule. Ihe second end ofthe linear molecule preferably comprisesacloningsubs^ 

30 site such as, a cos site, a LIC site, a site-specific recombination site (such as a loxP site or 
lambda attachment element), a homologous recombmation sUe or a ligation substrate site. 

Abacteriophagelambdagenomehascossitesattheendsofthe genome. See,LAMBDAn 

(Roger W. Hendrix, ed.. Cold Spring Harbor Uboratory Press) 1983; Higgins et aL. (1995) J. 
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Mol. Biol. 252:31; Higgins et al.. (1994) EMBO J. 13:6152; Cue et al., (1993) J. Mol. Biol. 
234:594; Cue et al., (1993) Pioc. Natl. Acad. Sci. USA 90:9290. Cleavage occurs at a left cos 
site (as defined on a standard lambda map) to generate a free end that is inserted into a capsid. 
The insertion of nucleic acid continues until a right cos site is encountered. Cleavage occurs at 
5 file right cos site to generate the second end. Any nucleic acid molecule that is contained 
betweentwocossitescanbepackaged. A nucleic acid molecule comprising a cos site, a 
fragment ofacossite,amutantofacas site, oravariantofacos site can be isolated froma 

preparation of bacteriophage lambda DNA or may synthesized in the laboratory. A nucleic 
molecule comprisingaco. site can be ligated to the end of the molecule to v^h the insert is to 

10 becovalentlyjomed. Alternatively, a c<« site can be added to the end of a molecule to which the 
insert is to be covalentty jomed using standard molecular biology cloning techniques such as 
PCR. In the methods of the invention distal ends (i.e., the ends of vector arms not covalently 
joined to an insert molecule) of vector arms containing terminal cos sites can be readily annealed 
to one another in £. coK host cells by virtue oflheirexpHcit sequence, cos sites do not 

15 appreciably mneal IB vi/ro at room temperature. 

A ligation-independent cloning (LIC) site can be any size, but is preferably 12 to 13 
nucleotides or longer. Sites longer than 12-13 nucleotides may work more efficiently, e.g., up to 
24 bases, or up to 48 bases or longer. See Aslanidis and de Jong, (1990) Nucleic Acids Res. 
18:6069. The 12-13 nucleotide terminus can comprise any nucleic acid sequence; however, 
20 preferably one or none of the nucleotides of a 3' strand of the 12-13 nucleotide terminus is an 
adenosine. Anucleic molecule comprisingaLlC site canbeUgated to the ends of the vector or 

flanking molecule to which the insert is to be covalently joined. Alternatively, a LIC site can be 
added to the end of a vector or flanking molecule to which the insert is to be covalently joined 
using standard molecular biology cloning techniques, such as by PCR. 

25 Where flie second end of a linear molecule comprises a LIC site, a ligated insert/vector 

■ molecule will be fonned that comprises LIC ends at each end of die ligated insert/vector 
molecule. The insert can then bejoined to a LIC ready vector. Aslanidis et al., (1994) PCR 
MethodsAppL 4:172; Aslanidis and deJong(1990)Nucleic Acids Res. 18:6069. Briefly.the 
ligated msert/vector molecule is subjected to treatment with, for example, Pfa DNA polymerase 

30 in the presence of dATP. In the absence of dlTP. dGTP, and dCIP, the 3'- to 5'- exonuclease 
activity of Pfu DNA polymerase removes 12 to 13 nucleic acids from the 3'-ends of the ligated 
insertArector molecule. This activity continues until the first adenine is encountered. This 
produces a Ugatedinsert/vector molecule with 5'-extended single-stranded tails fliat are 
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comptoeatary to the single-stranded tails of a LIC ready vector. The ligated msert/vector 
molecule will anneal to the LIC ready vector without further enzymatic treatment. 

The second end of the linear molecule can farther comprise a site for homologous 
lecombinationorasiteforsite-specificrecombinalion. Homologous recombination is a 
5 «combinationeventoccurringbetweenhomologoussequencesofnucleicadds.Tlieeffi^ 
responsible for homologous recombination can use any pair of homologous sequences as 
substrates, although some types of nucleic add sequences can be fevored over others. Sites for 
homologous recombinationcomptisemicldcacidsequences that are homologous to the nucleic 

acid sequences of a cloning vector, such as a circular plasmid. The sites can insert (or integrate) 
10 into a cloning vector by homologous lecombmation, thereby inserting or displacing a nucleic 
add sequence, or deleting a nucldc add sequence altogether. 

To createahomologous recombinant plasmid cloning vector,aplasmid cloning vector is 
prepared which contains homologous recombination nucldc acid sites tot are substantiaU^ 

homologous to those sites occurring on the Ugated msert/vector of interest. Substantially 
15 homologousnucleicaddsequencesan^thoseimcldcacidsequencesthatdmesuffidentn^^^^^ 

acid sequence homology t» provide for suffident homologous recombination between a Ugated 
insert^ector8equenceandaplasmidcloningvector. Suffident nucldc add sequence homology 
is the amount whichprovides for homologous recombination atafirequency which allows for 

detection ofplasmid cloning vectors in wMchhomologous recombination and integratira 
20 Ugatedvectoitoerthasoccurred.Substantiallyhomologousnucleicaddsequ^^ 

share regions with about 60% to 100% nucldc acid sequence homology, and more preferably 
about 75% to 100% homology in the nucleic add sequence. A site for homologous 
iwoinbination can be presentmthe plasmid cloning vertor in two or more w^^^^ 
homologous recombination sites in the plasmid cloning vector are of sufficient l^^^ 
25 successfiilhomologousiecombinationwithaligatedinsert/vector molecule. TypicaUy, each 
homologous recombination site is at least 30. 75, 100, 150, 250, 500, or 1000 base pairs. The 
ligated insertArector sequence comprises these substantiaDy homologous recombination sites at 
both the 5-- and 3-' ends. The Ugated insert/vector sequence is transformed into a host ceU, sudi 
. as anB. coli ceU fliat contains the plasmid cloning vector. Preferably, the host ceU is RecA+. 
30 RecAistheprodudofaerec4locusof£.co/iandisaprotdnthatisinvolvedin 

recombination. 

In addition to homologous recombination as described above, enzyme-assisted 
sit^specificmtegration systems are Imown in the art and canbeappUed to integrateali^^ 
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nucleic acid insert/vector molecule at a predetermined locatioii m a cloning vector molecule. 
Site-specific recombination is a recombination event between specific pairs or sequences. The 
recombination event involves specific sequences of nucleic adds comprising a short stretch of 
homology necessary for the recombination event. The enzymes involved in the recombination 
5 event will act only on this particular pair of target sequences. Examples of sudi 

enzyme-assisted integration systems mclude the Cre recombinaseAoxP target system (e.g.. as 
described in Baubonis and Sauer (1993) Nucl. Acids Res. 21 :2025; and Fukushige and Sauer. 
(1992) Proc. Natl. Acad. Sci. USA 89:7905). A loxP site Oocus of crossing over) conq)rises two 
13 base pair inverted repeats separated by an 8 base pair asymmetric spacer region: 

-10 ATAACTTCGTATA ATGTATGC TATACGAAGTTAT (SEQ ID N0:2) 

, Inverted repeat Spacer Inverted repeat 

A loxP site of the invention comprises variants and mutants of this sequence that function 
to produce site-specific recombination. Cre is a 38 kDa recombinase protein from bacteriophage 
PI which mediates intramolecular andinteraiolecular site-specific recombination between loxP 

15 sites. Sauer. (1993) Methods Bnzymol. 225:890. A loxP site is an asymmetrical nucleotide 

sequence and two lox sites on the same DNA molecule can have the same or opposite orientation 
withrespecttooneanother. See U.S. Pat. 4.959,317. Where two loxP sites occur in the same 
orientation on a nucleic acid molecule, recombination between the loxP sites results in the 
deletion of the nucleic acid segment located between the two loxP sites and a comiection 

20 betweentheresultingendsoftheoriginalnucleicacidmolecule. The deleted nucleic add 

moleculewillformacircularmoleculeof nucleicacid. The original nucleic add molecule and 

the circular nucleic acid molecule will each contain a single loxP site. Where two loxP sites 
occur in opposite orientations on the same nucldc acid molecule recombination will result in an 

inversion of the nucleotide sequence of the nucldc acid segment located between the two loxP 
25 sites. Further, where two loxP sites occur on each of two nucldc acid segments, reciprocal 
exdiange of nucleic add segments proximate to the loxP sites can occur, 

^f^Y'^ft of C<>valAi«tlv Joining 

Insert polynucleotide molecules comprising a 5'-0H group on each end or a 5'-0H on 
one end and a 5'-phoq)hate group on the other end can be covalentiy joined to flanking 
30 polynucleotidemoleculessuchthatnon-direcfionalordirectionalcovalentjoiningis^^^^ 
mere an insert polynucleotide molecdehasaS'-OH group on each end non-directional 
covaleiitjoiningoflheinserttoflankingpolynudeotidemoleculesresults. For example, where 
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an insert polynucleotide © with a 5'-0H group at each end is covalenUy jomed to flankmg 
molecules, for example, a left vector arm (LVA) and a right vector arm (RVA) each wifli a 
topoisomerase polypeptide covalently joined at only one end, the result wiUbenoiHiirectional 

covalent joining of the molecules. A LVA, RVA, and insert molecule are incubated together 
5 under conditions sufficient to permit their topoisomerase-mediated covalent joining to fomi a 
covdentlyjomed nucleic acid molecule where the insert molecule is positionedbetween the 
LVAandRVA. Four different covalently joined products (Ugated insert/vector molecdes)wiU 
i^lt: LVA-I-LVA.RVA-I-RVA.LVA-I-RVA,andRVA-I-LVA. Only the LVA-I-RVA and 

RVA-I-LVA products are viable repHcation competent entities. Where an insert 
10 polynucleotidehasaS'-OHgroupononeendandaS'-phosphategroupontheotherend 
directiomdcovalentjoiningofthe insert to flanking polynucleotide molecdes can resul^^ 
example. V/here an insert polynucleotide is covalently joined to a flanking molecules such as a 
LVA and a RVA. each comprising a topoisomerase covalently bomid to only one end, directional 
covalent joining of the molecules can result Afirst vector arm. for example,aLVAis 
15 covalentlyjoinedtoaninsertmoleculeattheS^OHendbyincubatingaLVAandaninsert 

molecule together under conditions sufficient to permit topoisomerase-mediated covalent joining 
to form a ligated nucleic acid molecule where the insert molecule is positioned adjacent to a 
LVA to create LVA-I-phosphate. The 5'-phosphate end of the insert is unable to be ligated to 
theLVAorRVAbecause either theLVAorRVAhasa3'-phosphate, which is the site to which 

20 atopoisomerasepolypeptideisjoinedtotheLVAandRVA. The LVA-I-5'-phosphate is treated 

with phosphatase, under conditions which permit removal of a 5'-phosphate group from the 
Ugated nucleic acid resulting inaLVA-I-5'-0H molecule. TheLVA-I.5'-0H molecule is then 

covalently joined to theRVAtoformLVA-I-RVAbyincubatingaLVA-I-5'.OHmolecule with 

a RVA under conditions which permit topoisomerase covalent joining to form a ligated molecule 
25 wheretheinsertmoleculeispositionedbetweenaRVAandaLVA(aligatedinsert/vector 

molecule). 

Alternatively, an insert polynucleotide comprising a 5'-0H group on one end and a 5'- 
pho^hate group on the other end canbe covalently joined inadirectional manner toaflanking 

nucleic acid molecule comprising a topoisomerase polynucleotide on only one end and to a 
30 secondflankingmoleculecomprisingaUgationsubstratesiteononeend. For example, an insert 
molecule canbe covalently joined to a flanking nucleic acid molecule, such as a LVA, 
comprising a topoisomerase polypeptide on only one end and to, for example, a RVA comprising 
aUgation substrate end on one end. The in5ertLVA,andRVAare covalently joined by 
topoisomerase^-mediatedjoining and Ugase-mediatedjoining under conditions sufficient to fo^ 
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a ligated nucleic acid where the insert molecule is positioned between a LVA and a RVA to fonn 
LVA-I-RVA (a Ugated insert/vector molecule). This reaction can take place in one step. 

After Ihe ligated insert/vector molecule described above has been constructed, the two 
vector arms can be non-covalently or covalently joined to one another, at the ends distal to the 

5 covalently attached topoisomerase polypeptide or ligation substrate site (i.e., at their free ends), 
byanumberofmethodssuchthatacircularmoleculeisformed. For example, the ends of the 

Ugated insertArectoi! molecule can comprise ligase substrate sites or complementary nucleic acid 
sequences such that the ends canbe joined by ligase enzyme mediated Ugation or complementary 

sequence annealing. Further, where the ends of the ligated insert/vector molecule comprise 5'- 
10 OH groups the ends can be joined by topoisomerase mediated ligation using a polynucleotide 
comprising a topoisomerase polypeptide at both ends of the polynucleotides. See e.g. U.S. 
Patent 5,766,891. Further, where the ends of the ligated insert/vector molecule comprise in vitro 
or in vivo site-specific recombination sites or in vivo homologous recombination sites the Ugated 
insert/vector molecule can be recombined into a circular plasmid containing the same 
15 recombination sites. 

•n» methods of directional and non-directional covalently joining of nucleic acid 
molecules are useM in, for example, end-labeUng, Ugand tagging, and molecular cloning. 

Methods of Mnlwnlar Cloning 

Insert polynucleotide molecules comprising a 5'-0H group on each end or a 5'-0H on 
20 oneendandaS'-phosphategtoupontheotherendcanbeclonedintovectormoleculessuchlhat 

non-directional or directional cloning is achieved. 

Non-directional cloning can be accompUshed by cloning a polynucleotide insert molecule 

comprising 5'-0H groups at both ends of die molecule into anucleic add vector. For example, 
an insert polynucleotide (DwithaS'OH group at each end can be cloned intoavector, such asa 

25 leftvectorarm(LVA)andarightvectoraxm(RVA)whereeachvectoraimhasatopoisomerase 
polypeptide covalently joined at only one end of the vector aim. The result wTl be non- 
directional covalent joining of the molecules. Preferably, flie LVA and RVA molecules have a 
cloning substrate site, such as a ctw site, a LIC site, a loxP site, a site for homologpus 
recombination,asite for site^ipecific recombination, draUgase substrate site at the other end of 

30 themolecule. ALVA,RVA,andinsertmoleculeareincubatedtogethermiderconditions 

sufficient for topoisomerase-mediated covalent joining of the molecules to fomiaUgated nucleic 
acidwheremtheinsertmoleculeisposifionedbetweentheLVAandRVA. Four different 
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covaleatly joined products will result: LVA-I-LVA. RVA-I-RVA, LVA-I-RVA. andRVA-I- 
LVAOigatedinsert/vectormolecules). Only the LVA-I-RVA and RVA-I-LVApn,ducts are 
viable replication competent entities. 

Directional cloning can be accompUshed by cloning a polynncleotide insert molecule 
5 comprising a 5'-0H group at one end of the molecule and a 5'-phosphate group at the other end 
into anncleicacid vector. For exan^le. an insert polymicleotide (1) with a 5'OH group at one 
end andaS'-phosphate at the other end can be cloned intoalinear cloning vector, where the 

linear cloning vector has a topoisomerase polypeptide covalently joined at one end and a ligation 
substrate site at the other end. The insert polynucleotide, the linear cloning vector, and a ligase 
10 are incubated together under conditions sufficient for their covalent joining to form a ligated 
circularvector(aUgatedmsert/vectormolecule). The circular vector can then be transformed 

into a host cell. 

Directional cloning can also be accomplishedby cloning an insertpolynucleotidehav^^ 
a 5 ' -OH group on one end and a 5 ' -phosphate group on the other end into a vector where the 
1 5 vector comprises, for example, two vector arm molecules comprising a topoisomerase 

polynucleotide at only one end andacloning substrate site at the other end. For example,afet 

vector aim,LVA. is covaletitlyjoinedto an insert molecule at theS'-OHendbyincubatinga 

LVA and an insert molecule together under conditions sufficient to permit topoisomerase 
mediated covalent joining to formaUgated nucleic acia molecule where the insert molecule is 
20 positioneda(SacenttoaLVAtocreateLVA-I-phosphate.The5'-phosphateendoftheinsertis 
unable to be ligated to the LVA or RVA because a topoisomerase polypeptide is joined to die 
LVA and RVA at the 5'-phosphate. The LVA-I-5'-phosphate is treated witii phosphatase, mider 
conditions which permUremovalofaS'-phosphate group from the Ugatednucleicacid resulting 

in a LVA-I-5'-OH molecule. The LVA-I-5'-0H molecule is flien covalently joined to tiie RVA 
25 to form LVA-I-RVA by incubating a LVA-I-5'-0H molecule with a RVA under conditions 
which permit topoisomerase covalent joining to form a ligated molecule where the insert 
molecule is positioned betweenaRVAandaLVA(aligated insert/vector molecule). Preferably. 

tiie cloning substrate site is a cos site, a UC site, a loxP site, a site for homologous 
recombination, a site for site-specific recombination, or a ligation substrate site. 

30 Altemativdy. directional cloning can be accomplished wifli an msert polynucleotide 

conqjrising a 5'-0H group on one end and a 5'-phosphate group on tiie otiier end and two vector 
molecules. One vector molecule comprises a topoisomerase polynucleotide on only one end and 
acloningsubstratesiteontheotherend The oflier vector molecule comprises a Ugjition 
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substrate site on one end and a cloning substrate site on the other end. An insert, a first vector 
molecule comprising a topoisomerase polypeptide at one end and a cloning substrate site at the 
other end, such as a LVA, and a second vector molecule such as a RVA comprising a ligation 
substrate site at one end and a cloning substrate at the other end are covalently joined by 
5 topoisomerase-mediated joinmg and Ugase-mediated joining under conditions sufficient to form 
a ligated nucleic acid where the insert molecule is positioned between the LVA and the RVA 
vector molecules (a ligated insert/vector molecule). Preferably, the cloning substrate site is a cos 
site, a Lie site, a loxP site, a site for homologous recombination, a site for site-specific 
recombination, or a ligation substrate site. 

10 Where the ligated insert/vector molecule comprises cos sites at each end, the linear 

molecule can be transformed directly mto a host cell. Where the ligated insert/vector molecule 
comprises LIC ends at each end, the LIC ends can be annealed to a circular plasmid vector with 
Lie compatible ends. The circular molecule can be transformed mto a host cell. Where tiie 
ligated insert/vector molecule comprises loxP sites on both ends, the ligated msert/vector 

15 molecule can be recombined into a circular plasmid in vitro in tiie presence of Ore recombinase. 
The recombinant circular plasmid can then be transformed into a host cell. Alternatively, a 
ligated insert/vector molecule with loxP sites at both ends of the molecule can be directly 
transformed into a host cell, such as coli harboring a plasmid suitable for site-specific 
recombination. The host cell may be rec A+ or recA-, and is preferably recA-. Where the 

20 covalendy joined insert/vector molecule cofaprises sites for homologous recombination at each 
end, the covalently joined insertArector molecule can be direcfly transformed into a suitable host 
cell harboring a plasmid suitable for homologous recombmation. 

The covalenfly joined insert/vector can be transformed into a prokaryotic or eukaryotic 
cell. Preferably, flie covalently joined insertA^ector is transformed into a prokaryotic host cell, 

25 such as a bacteria cell such as E. coli. Transformation of a ligated insert/vector molecule into a 
host cell can be done by any methodknown in flie art. Methods for transformation of host cells 
can be found in Sambrook et al. and Ausubel and include, but are not limited to transfection, 
chemical transformation, electroporation, and lipofection. Where a bacteriophage lambda vector 
has been used according to flie invention, the ligated insertAambda vector can be packaged in 

30 vitro and tiien transfected into host cells, such as XLl-Blue E. coli. See e.g. Sambrook et al. 

The following are provided for exemplification purposes only and are not intended to 
limit the scope of the invention described in broad terms above. All references cited in fliis 
disclosure are incorporated herein by reference. 
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Example 1 

Inter-Molecular Ligation and Molecular Cloning Using Univalent Topoisomerasfr- 
BouiidDNA 

5 Aninsertnucldcaddmolecule,forexan5>le,aPCRproduct.canbegeneratedbyPCR 
using aprimer set consisting of a S'-primer and 3'.primer. Two vector nucleic acid molecules, 
for example, a left vector am and a right vector arm are prepared such that a topoisomerase 
aizyme (TOPO) is covalently bound oiily to one aid of a nucleic acid molecule to fom a 
uiivalent topoisomerase vector molecule. PGR primers for generating an insert molecule can be 

10 synthesized to possess either a hydroxyl group or phosphate group at each of the 5'-ends. A 

hydroxyl group permits Hgation to tojpoisomerase-bound DNA whUe a phosphate group prohibits 



For non-directional ligation of a PGR insert molecule to, for example two vector arms, 
both PGR primers will possess 5'-liydroxyl groups. Ite PGR insert can Ugate with the vector 
15 arms to form four differenttypes of ligation products: 1) left vector arm (LVA)-insert molecule 
(I)-left vector aifli (LVA); 2) right vector aim (RVA>insert (I>-right vector arm (RVA); 3) 
LVA-I-RVA; and 4) RVA-I-LVA. Only the LVA-I-RVA and RVA-I-LVA create viable 
replication competrait raitities ^Figure 1). 

For directional Ugation of a PGR insert molecule to, for example, left andright vector 
20 arms, one PGR primer possesses a 5'-hydroxyl group and the other PGR primer possesses a 5'- 
phosphate group. Hie PGR generated insert molecule is generated and is first Bgated to one 
vector arm. for example, a LVA to create a LVA-I-5'-phosphate molecule. Hie S'-phosphate 
end of this molecule is unable to ligate to the LVA or RVA because the vector arm sites to which 
the TOPO is bound contain a 3'-phosphate. This molecule is then dephosphorylated to create to 

25 LVA-I-5'-Oa The LVA-I-5'-0H molecule is then Bgated to the olh«a: vector arm (RVA) to 
form LVA-I-RVA (Figure 2). Once flie Ugated insert/vector molecule described above has been 
constructed, fiie two vector aims canbe noiH»valently or covalently joined to one another, at 
the ends distal to the covalently attadied topoisomerase polypeptide (i.e.. flieir ftee ends), by a 
number of methods such thatacircular molecule is formed. Such methods include, for example, 

30 hgase enzyme mediated Ugation, complementary sequence annealmg, topoisomerase medra 
ligation, in vitro or in vivo site-specific recombination, or in vivo homologous recombination. 
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Directional Moleeiflar Qoning Using Topoisomia^ and a Ugase Enzyme 

A nucleic acid insert is generated using, for example, a pair of PGR primers wherein one 
primer (PI) has a hydroxyl group at its 5'-end (OH-Pl) and the other primer (P2) has a 

5 phosphate group at its 5'-end (P2-P) (see Figure 3). The insert molecule is generated by PGR. A 
linear vector nucleic acid is prepared such that it has TOPO bound at one end (univalent TOPO- 
bound nucleic acid molecule); the othw end of flie linear vector nucleic acid comprises a 
substrate for Ugation (a 3'-0H) to be mediated by a Ugase enzyme. In a single incubation, the 
PGR insert can be ligated to the TOPO-end of the linear vector nucleic acid via TOPO-mediated 

10 ligation and to the oflier end of flie linear vector nucleic acid via a ligase enzyme-mediated 
reaction. The product of&e ligation is transformed into an aroropriate host ceU. Aclwiing 
event mediated by both topoisomraase and DNA ligase is unidkectional. Tlie hydroxyl or 
phosphate group at the S'-end of the PGR primers determines the directionality of the insert. 

A second approach involving a topoisomerase- and ligase-mediated ligation comprises 
15 generation of an insert by for example, PGR. Where PCR is used to generate an insert, a pair of 
PGR primers where one has a hydroxyl group at its 5'-end (HO-Pl) and the other has a 
phosphate group at its 5'-end (P2-P) (see Figure 4). A vector, such as two vector nucleic acid 
arms, can be prepared such that one vector arm has a TOPO bound at one end (univalent TOPO- 
bound DNA molecule) and flie other vector arm has a substrate for ligation at one end. In a 
20 single incubation, the PGR insert is ligated to the one vectca: arm witii a TOPO aid via TOPO- 
mediated ligation and to the oflier vector arm wifli flie ligafion-ready end via Ugase ai2yme- 
mediated reaction. The product offlie Ugation is transformed into an ^ipropriate host cell. The 
cloning event mediated by bofli topoisomerase and DNA ligase is unidirectional. The hydroxyl 
or pho^hate group at flie 5'-end of flie PGR primers determines flie directionaUty. The oflia: 
25 ends of tiie two vector arms are flioi jmned by any of flie mefliods described above. Usmg flns 
cloning mefliod flie Ugation products comprised of RVA-I-RVA or LVA-I-LVA should not be 
formed, but in flie event fliat some do occur, sudi Ugation products are inceqiable of subsequent 
repUcation and prcqiMigation. 
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Molecular Qoning Using Topoisomerase and cos Ends 

A method of molecular cloning using topoisomerase and cos ends can comprise a vector, 
where such a vector may consist of two vector arms, with each arm consisting of one TOPO-cnd 

5 and one cos end. cos refers to the cohesive ends present at the termini of bacteriophage lambda. 
An insert, such as a PGR insert, can be generated using primers comprising 5'-0H tennini. The 
PGR insert can be Ugated to a TOPO-cnd of the two vector arms by DNA topoisometase (see 
Figure 5). Ligation events that result in LVA-I-LVA or RYA-I-RVA cannot subsequenfly be 
propagated. The product of the ligation can be transformed into a suitable host The distal ends 

10 of the vector arms contain terminal cos sites fliat are readily annealed to one another in E. coli 
host cells by virtue of their expUcit sequence, cos sites do not anneal in vitro atroom 
temperature. 

This method of cloning can be directional or non-directional. In the case of non- 
directional cloning, an insert comprises a 5'-hydroxyl ends and can be Ugated to. for example. 

15 two vector arms in a single reaction. For directional cloning, an insert can be generated by, for 
example, PGR wherein one PGR primer has a 5'-hydroxyl group and the other PGR primer has a 
5'-phosphate group. Thus, the resulting PGR insert wiU contain one 5'-hydroxyl end and one 5'- 
phosphate end. The insert is to be ligated sequentially, first to a left vector arm coataming a 
TOPO bound end foUowed by dephosphorylation of the 5'-phosphate of the msert and then 

20 Ugation to the right vector arm containing a TOPO bound end (Figure 6). 

. Tlie ligation product of the insert to the vector is a linear molecule in vitro with two cos 
sequences at its end. It is transformed into a host, such as £. co/i more efBciently than a circular 

inolecule. 

F.yample 4 

25 Molecular Cloning Udi^TopoIsom«ase and UC Ends 

A method of molecular cloning using topoisomerase and UC ends can comprise a vector, 
such as two vector arms, each consisting ofoneTOPO-end and one UC end. An insert, such as 
a PGR insert, can be generated using primers conqirising two 5 '-OH termini. The PGR insert 
can be ligated to a TOPO-end of the two vector arms by DNA topoisomerase (see Figure 7). 
30 LigationeventsflmtresultinLVA-I-LVAorRVA-I-RVAcannotsubsequentlybepropagated. 



-20- 



wo 01/62892 PCT/USOl/05657 

Tte distal ends of the vector arms contain terminal LIC sites that are readily annealed to a 
plasmid conq>rising Lie compatible ends. 

This mefliod of cloning can be directional or non-directioial. In the case of non- 
directional cloning, ah insert comprising 5*-hydroxyl ends and canbe ligated to. for example, 
two vector arms in a smgle reaction. For directional cloning, sm msert can be generated by, for 
example, PCR wherem one PCai primer has a 5'-hydroxyl group and the other PCR primer has a 
5'-phosphate group. Thus, the resulting PCR insert will contam one 5'-hydroxyl end and one 5'- 
phosphate end. The insert is to be ligated sequentiaUy, first to the left vector arm containing a 
TOPO bound end and foUowed by dephosphorylation of the 5'-phosphate of the insert and then 
ligation to the right vector arm containmg a TOPO bound end figure 8). 

Emmple 5 
Molecular Cloning into Lambda Vector 

The vector can comprise lambda DNA vector arms (termed left lambda aim (LLA)) and 
right lambda arm (RLA)). An insert, such as a PCR generated msert, can be Ugated to the 
lambda vector anns m a directional manner or non-directional manner. In the case of non- 
directional cloning, a PCR insert can be generated using 5 '-hydroxyl PCR primers. The insert 
can be ligated to two lambda vector arms in a single reaction. Ligation events resultmg iii LLA- 
I-LLA or RLA-I-RLA cannot subsequmtly be propagated. For duectional clonmg, one PCR 
primer has a 5'-hydroxyl end and the other PCR primer has a S'-fhosphate end. Thus, the PCR 
msert is comprised of one 5*-hydroxyl end and one 5'-phosphate end. Hie insert can be Ugated 
sequentially to the two lambda vector arms wifli a dephosphorylation step in between as depicted 
in Figure 9. The Ugated lambda constract can be pada«ed in vitro and transfected into host ceUs 
such as XU-Bhie E. coli. A circular plasmid DNA containing the insert of interest can be 
rescued from the lambda vector using, for exanq)le, ZAP tedmology (Stratagene). 

F.Tample6 

Molecular Qoning Into a Linear Plasmid DNA Molecule 

A vector can comprise vector arms of a Unear plasmid such as N15. An insert, such as a 
PCR generated msert, can be Ugated to the pksmid vector arms m a directional manner or non- 
directional manner. In flie case of non-diiectional cloning, a PCR insert can be generated using 
) 5'.hydfoxyl PCR primers. The msert canbe tigjited to two plasmid vector aiins in a smgle 
reaction (Figure 10). Ligation events resulting in LVA-I-LVA or RVA-I-RVA cannot 
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subsequently be propagated. For directional cloning, one PGR primer has a 5*-hydroxyl end and 
the other PGR primer has a 5'-phosphate end. Thus the PGR insert is comprised of one 5'- 
hydroxyl end and one 5'-phosphate end. The insert can be ligated sequentially to flie two 
plasmid vector anns with a dephosphorylation step in between as depicted m the Figure 11. The 
5 linear DN A can be transformed directly into E. Colu Alternatively, the Ugated plasmid construct 
can be packaged in vitro and transfected into host cells such as XLI-Bhie E. coli. A DNA 
containing the insert of mterest can be rescued fiom the vector using, for exan^le, ZAP 
technology (Stratagene). 

A vector can also comprise a linear plasmid vector consisting of a covalently bound 
10 tdpoisomerase polypeptide at one end and a ligation substrate site at the other end (see Figure 4). 
Incubatioii of the vector with an insert molecule conq)rismg 5'-0H group on one end and a 5'- 
phosphate group on the other end, under conditions sufficient for topoisomerase-mediated 
ligation and ligase enzyme-mediated ligation results in a Ugated circular plasmid comprismg the 
insert molecule. The plasmid can be transformed into a host cell. 

15 F.yample7 

Molecular Cloning Using Topoisomerase and Site-Specific Recombination 

A vector can comprise vector anns that conq)rise one TOPOend and one loxP end. The 
loxP site can be recombined wifli a second lojcP site in the presence of a Ore site-specific 
recombination protein. An msert, such as a PGR generated insert, can be ligated to the TOPO- 
20 end ofthe two vector arms. Such cloning can be directional or non-directional. In the case of 
non-directional cloning, an insert, such as a PGR insat can be generated fiom PGR primers each 
comprising 5'-hydroxyl ends. An insert comprismg two 5*-0H ends can be ligated to two vector 
aims in a single reaction (Figure 12). For directional cloning, an insert can be generated by, for 
example, PGR wherein one PGR primer comprises a 5*-hydroxyl end and the otha: PGR primer 

25 comprises 5'-phosphate end resulting in an insert that comprises one 5'-hydroxyl end and one 5'- 
phosphate end The insert can be ligated sequentially to two vector arms wifli a 
dephosphorylation step in between as depicted in Figure 13. The ligation product comprises a 
loxP site at each end of a Imear molecule. The linear molecule can be recombined mto a circular 
recombinant plasmid in vitro, for example using purified Gre recombinase or in vivo by, for 

30 example transformation into an E. coli host e3q)ressing Gre recombinase and a plasmid tiiat has 
loxP sites. 
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Molecular Ooning Using Topoisomerase and Homologous Recombination in Vivo 

In vivo homologous recombination can be exploited to transfer a ligated insertArector of 
interest into a circular plasmid vector. Homologous sequences flank a ligated insert/vector of 
5 interest and are substantially identical to sequences of a plasmid cloning vector. A ligated 
insertArector of interest is recombinedinto a plasmid cloning vector of choice via homologous 
recombination between the homologous sequences flanking the ligated insert/vector and in the 
plasmid cloning vector. An insert can be generated with homologous sequences attached to each 
end by, for example, synthesizing PCR primers with homologous vector sequences, offer 
10 example, 30, 75, 100. 150, 200, 250. 500, or 1000 base pairs and using the PCR primers to 
generate a ligated insert/vector vnUi homologous vector sequences flanking the Kgated 
insert/vector of mterest. A Ugated insert/vector molecule with homologous sequences at the ends 
can also be generated by preparing topoisomerase-bound homologous sequence elements and 
employing a TOPO cloning scheme as outlined in Figures 14 and 15 for generating an insert with 
15 homologous sequence elements on each end. A PCR ampHfied insert containing TOPO Hgated 
arms can be transformed mto host cells containing a cloning vector wherein homologous 
recombination can occur. For efficient in vivo homologous recombination, a recA+ host strain 
can be used. To protect a linear insert from degtadation by endogenous exonuclease activities, 
the ends of the insert can be modified to either inhibit or prohibit exonuclease digestion events. 

20 To achieve site-specific in vivo recombination, lambda attachment sites can be employed 

in place of the homologous sequences described above. In this scenario, lambda attachment sites 
flank a ligated insert/vector of interest, which is generated according to flie PCR and TOPO 
cloning schemes described above. The Ugated insert/vector with the flanking lanibda attachment 
sites is transformed into host ceUs containing a cloning vector with lambda attachment sites. 

25 Inside the host ceU, the ligated insert/vector then can be site-specifically recombined into a 
plasmid cloning vector between the lambda attachment sites flanking the ligated insert/vector 
and those sites in the plasmid cloning vector. 

OTHER EMBODIMENTS 

Other embodiments are wifliin flie following claims. 
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We claim: 

1. A method of covalently joining a nucleic acid insert molecule to 

fast and second nucleic acid flanking molecules to fonn a Ugated molecule, the method 
c(Hiq>risii%: 

incubating said insert molecule and said flanking molecules, wherein each end of said 
insert molecule comprises a 5'-hydroxyl group, and wherein one end only of each of said first 
and second flanking molecules comprises a covalently bound topoisomerase polypeptide, under 
conditions which permit their covalent joining to form a ligated molecule comprising a said 
insert molecule positioned between a said first and a said second flanking molecule. 

2. A method of covalently joining a nucleic acid insert molecule to 

first and second nucleic add flanking molecules to form a Ugated molecule, the method 
comprising 

(A) incubating: 

said insert molecule, wherein one end of said insert molecule comprises a 5'-hydroxyl 
groiq) and the other end conqwises a 5'-phosphate group, and 

a said first flaiddng molectile. wherein one end only of said first flanking molecule 
comprises a covalently bomid topoisomerase polypeptide, under conditions which permit their 
covalent joining to form a Ugated nucleic acid comprising a said insert molecule positioned 
20 adjacent to a said first flanking molecule. 

(B) mcubating a said Ugated nucleic acid of step (A) with phosphatase under conditions 
Which permit removal of a 5'-phosphate group from said Ugated nucleic acid; and 

(C) incubating a product of step (B) with a said second flanking molecule, wherem one 

end only of siud secoiid flanking molecule comprises a covalently bound topoisomerase 

25 polyp^tide, under conditions which permit covalent joining to form a Ugated molecule 
comprising asaid insert molecule positioned betweenasaid first andasaid second flanking 

molecule. 



15 
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3. A method of covalently joining a nucleic acid insert molecule to 

first and second nucleic acid flanking molecules to fonn a Ugated molecule, the method 
cooq>nsing 

incubating: 

5 said insert molecule and said flanking molecules, wherein one end of said insert molecule 

comprises a 5'-hydroxyl group and the other end comprises a 5'-phosphate group, wherem one 
end only of said first flanking molecule comprises a covalently bound topoisomerase polypeptide 
and wherein one end of said second flanking molecule comprises a Ugase substrate site, under 
conditions which permit their covalent joining to form a ligated molecule comprising a said 

10 insert molecule positioned between a said first and a said second flanking molecule. 

4. The mettiod of claims 1, 2, or 3 wherein a said first and a said 

second nucleic acid flanking molecules comprise a left and a right vector arm, 
respectively, such that a said insert molecule is flanked by a said left vector arm and a 
said right vector arm. 

j5 5 The method of claim 4, wherein said left and right vector arms 

each comprise a free end that is not joined to an insert molecule, said method fiuAer 
comprising the step of; 

joining the free ends of said vector arms to each other by a method selected from the 
group consisting of nucleic acid ligase mediated Ugation, complementary sequence amiealing, 
20 topoisomerase mediated Ugation, in vitro site-specific recombination, in vivo site-specific 
recombination, and i» vivo homologous recombinatioa 

6. A me&od of molecular cloning compriang: 

(A) incubating a nucleic acid insert molecule comprising a 5'-hydroxyl group at one 
eiid and a 5'-phosphate at the other end, and a Unear cloning vector, wherein the linear cloning 

25 vector comprises a covalentty bound topoisomerase polypeptide at one end only and a Ugation 
substrate site at the other end, under conditions sufficient for their covalent joining to form a 
Ugated circular vector coinprising said Unear cloning vector and said insert molecule; and 

(B) transforming the Ugated circular vector of st^ (A) into a host ceU. 
7 A method for molecular cloning comprising: 
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(A) incubating a nucleic acid insert molecule, wherein each end of said insert 
molecule comprises a 5'-hydn)xyl group, and a first and a second linear arm wherein one end 
only of each of said first and second linear arms comprises a covalently bound topoisomerase 
and the other end comprises a cloning substrate site, under conditions sufficient for their covalent 
joining to formaligated molecule comprisingasaid insert molecule positionedbetweenasaid 

first and a said second linear arm; and 

(B) transforming the Ugated insert molecule of step (A) into a host cell. 

8. The method of claim 7 wherein said cloning substrate site is 
selected from the group consisting of a cos site, a LIC site, and a loxP site. 

9. Hie method ofclaim 7 wherein said cloning substrate site is loxP 
and wherein said incubating step farther comprises incubating in vitro said ligated 
molecule with a Cre recombinase and a circuhn: plasmid comprising a loxP site, under 
conditions sufficient for site-specific recombination to form a circular plasmid 
comprising said Ugated molecule, wherein said circular plasmid comprising said Ugated 

15 molecule is transformed into a host cell. 

10. The method ofclaim 7 \(^erein said cloning substrate site is loxP 
and wherein said transforming step further comprises transforming said Ugated molecule 
into a host cell comprising a circular plasmid comprising a loxP site, wherein said ceU 
expresses Cre recombinase, under conditions sufficient for site-specific recombination to 

20 form a circular plasmid comprising said Ugated molecule within said cell. 

11. The method ofclaim 7 wherein said cloning substrate site is a site 
for homologous recombination with a circular plasmid vector, wherein said transfi)rming 
step fiirther comprises transforming said Ugated molecule into a host ceU comprising a 
circular plasmid vector, wherein said circular plasmid vector comprises a site for 

25 homologous recombination with said Ugated molecule, wherein said host ceU is recA+, 

under conditions sufficient for homologous recombination to form a circular plasmid 
con5>rising said Ugated molecule within said host ceU. 

12. The method ofclaim 7 wherein said first linear arm comprises a 

left lambda arm comprising at one end only a covalentiy bound topoisomerase, and 
30 whereinthesecondUneararmconqffisesarightlambdaarmcomprisingatoneendonly 

a covalently bound topoisomerase. 
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13. A method for molecular cloning comprising: 

(A) incubating a nucleic acid insert molecule, wherein one end of said insert molecule 
comprises a 5'-hydroxyl group and the other end comprises a 5'-phosphate group, and 

a first linear arm. wherein one end only of said first linear arm comprises a covalently 
5 bound topoisbmerase polypeptide and the other end comprises a clomng substrate site, under 
conditions which permit their covalent j oining to form a Ugated insert/first linear arm molecule; 

(B) incubating a said Ugated insert/first linear arm molecule of step (A) with 
phcisphatase under conditions wMch permit removal ofaS^phosphate group to formaprodm^^ 

which comprises a said ligated msert/first linear arm molecule that lacks a 5 ' phosphate; and 
10 (C) incubating said product of step (B) with a second linear vector arm, wherein one 

end only of said second linear vector arm comprises a covalently bound topoisomerase 
polypeptide and the other end comprises a cloning substrate site, under conditions which pemiit 
covalent joining to form a Ugated molecule comprising a said insert molecule positioned between 
a said first and a said second Unear vector arm; 
15 (D) transforming Ae Ugated molecule of step (C) into a host cell. 

14. The mefliodofclaim 13 wherein said cloning substrate site is 
selected from the group consisting of a cos site, a UC site, and a loxP site. 

15. The method of claim 13 wherein said cloning substrate site is loxP 
and wherein said said Ugated molecule is fiirther incubated in vitro with a Cre 

20 recombinase and a circular plasmid comprising a loxP site, under conditions sufficient for 

site-specific recombination to form a circular plasmid comprising said ligated molecule, 
wherein said circular plasmid comprising said Ugated molecule is transformed mto a host 
ceU. 

16. The method ofclaim 13 wherein said cloning substrate site is loxP 

25 and wherein said transforming step farther comprises transforming said Ugated molecule 

mtoahostceUcoinprisingaciicular plasmid conqaisingaloxP site, wherein sai^ 

expresses Cre recombinase. under conditions sufficient for site-specific recombination to 
form a circular plasmid comprising said Ugated molecule within said ceU. 

17. The method of claim 13 wherein said cloning substrate site is a site 
30 for homologous recombination with a circular plasmid vector, wherein said transfomung 
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Step forther comprises transfonning said Ugated molecule into ahost cell conqaismg a 
circular plasmid vector, wherein said circular plasmid vector comprises a site for 
homologous recombination, wherein said host ceU is recA+, under conditions sufficient 
for homologous recombination to form a circular plasmid comprising said Kgaled 
molecule widiin said host cell 

18. nie mefliod of claim 13 wherem said first linear arm comprises a 
left lambda arm comprising a covalently bound topoisomerase polypeptide at one end, 
and wherein the secondlinear arm comprises a right lambda arm comprising a covalently 
bound topoisomerase polypeptide at one end. 

19. A method for molecular cloning comprising: 

(A) incubating: 

a nucleic add insert molecule, wherein one end of said insert molecule 
comprises a 5'-hydroxyl group and the other end comprises a 5'-phosphate group; 

a first linear arm, wherein one end only of said first linear arm comprises a 
covalently bound topoisomerase polypeptide and the other end comprisesacloningsubstra^^ 

site; and 

a second linear arm, wherein one end of second linear arm comprises a 
Ugase subsliate site and the other end comprises a cloning substrate site, under conditions which 
permit flieircovalentjoming to formaligsted molecule comprisingasaid insert molecule 

positioned between a said first and a said second linear arm; 

(B) transforming the Ugated molecule of step (A) into a host cell. 

20. The mefliod of claim 19 wherem said cloning substrate site is 
selected from the groiq> consisting of a cos site, a LIC site, and a loxP site. 

21. The method of claim 19 wherein said cloning substrate site is loxP 
and wherein said incubating step fiirther comprises incubating in vitro saidligated 
molecule with a Cre recombinase and a circular plasmid comprising a loxP site, under 
conditions sufficient for site-specific recombination to form a circular plasmid 
comprising said Ugated molecule, wherein sdd circular plasmid comprising said Kgat«^ 

molecule is transformed into a host cell. 
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22. The method of claim 19 wherein said clomng substrate site is ioxr 

and wherein said transforming step further comprises transforming said figated molecule 
into a host cell comprising a circular plasmid comprising a loxP site, wherein said ceU 
expresses Cre recombinase, under conditions sufficient for site-specific recombination to 
form a circular plasmid comprising said lighted molecule within said cell. 

23. m mefliod of claim 19 wherein said cloning substrate site is a site 
for homologous recombination with a circular plasmid vector, wherein said transfonning 
step farther comprises transforming said ligated molecule into a host cell comprising a 
circular plasmid vector, wherein said circular plasmid vector comprises a site for 
homologous recombination, wherein said host cell is recA+,under conditions sufficient 

forhomologousrecombinationtofotmacircularplasmidcomprismg said ligated 

molecule within said host cell. 

24. The method of claim 19 wherein said first linear arm comprises a 

left lambda arm comprising at one end only a covalently bound topoisomerase 
polypeptide, and wherein the second Imear arm comprises a right lambda arm comprising 
at one end a ligase substrate site. 
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